Context. The massive black hole Sgr A* at the very center of the Galaxy, and its immediate stellar and non-stellar environment, have been studied in the past decade with increasing intensity and wavelength coverage, revealing surprising results. This research requires the highest angular resolution available to avoid source confusion and to study the physical properties of the objects. Aims. GCIRS 7 is the dominating star of the central cluster in the NIR, so it has been used as wavefront and astrometric reference. Our studies investigate, for the first time, its properties at 2 and 10 µm using the VLTI. We aim at analyzing the suitability of GCIRS 7 as an interferometric phase-reference for the upcoming generation of dual-field facilities at optical interferometers. Methods. VLTI-AMBER and MIDI instruments were used to spatially resolve GCIRS 7 and to measure the wavelength dependence of the visibility using the low spectral resolution mode (λ/∆λ ≈ 30) and projected baseline lengths of about 50 m, resulting in an angular resolution of about 9 mas and 45 mas for the NIR and MIR, respectively. Results. The first K-band fringe detection of a GC star suggests that GCIRS 7 could be marginally resolved at 2 micron, which would imply that the photosphere of the supergiant is enshrouded by a molecular and dusty envelope. At 10 µm, GCIRS 7 is strongly resolved with a visibility of approximately 0.2. The MIR is dominated by moderately warm (200 K), extended dust, mostly distributed outside of a radius of about 120 AU (15 mas) around the star. A deep 9.8 µm-silicate absorption in excess of the usual extinction law with respect to the NIR extinction has been found. Conclusions. Our VLTI observations show that interferometric NIR phase-referencing experiments with mas resolution using GCIRS 7 as phase reference appear to be feasible, but more such studies are required to definitely characterize the close environment around this star. The MIR data confirm recent findings of a relatively enhanced, interstellar 9.8 µm-silicate absorption with respect to the NIR extinction towards another star in the central arc-seconds, suggesting an unusual dust composition in that region. We demonstrate that the resolution and sensitivity of modern large-aperture optical telescope arrays is required to resolve the innermost environment of stars at the Galactic center.
Introduction
Due to its proximity, the Galactic center (GC) offers the only opportunity to spatially resolve astrophysical phenomena in the immediate vicinity of a massive black hole (MBH; Eckart & Genzel 1996; Ghez et al. 1998 ) and provides seminal knowledge for understanding spatially unresolved extra-galactic nuclei. For the past decade, it has been possible to achieve diffraction-limited observations of the GC with 8-10m class telescopes, and therefore to probe the details of processes, such as star and dust formation at galacto-centric radii where the ∼ 4 · 10 6 M ⊙ black hole generates a strong tidal field, at a unique angular resolution of about 8 AU/mas (Ghez et al. 2003;  Send offprint requests to: J.-U. Pott ⋆ Based on observations collected at the European Southern Observatory, Paranal, Chile (programs 076.B-0863, 077.D-0709). Eisenhauer et al. 2005) . However, even at this resolution source confusion is a significant effect. With sufficient intensity sensitivity, optical long baseline interferometry (OLBI) offers today, in the pre-ELT era, the capability to study this region at even higher angular resolution, increased by about an order of magnitude over single-telescope experiments. Large apertures as offered by the VLTI 1 and the Keck Interferometer (KI 2 ) have provided a breakthrough in sensitivity enabling first interferometric studies at 10 µm of the brightest (N 1 Jy) GC sources (Pott et al. 2005) .
In the NIR the sensitivity constraints are even tighter due to significantly shorter atmospheric coherence times, and higher 2 J.-U. sensibility to instrumental vibrations along the optical path (K lim ∼ 10 mag). If such a bright and mostly unresolved source within the isoplanatic patch of the science target can be observed with the interferometer, the atmospheric piston-noise can be monitored enabling longer integration times and boosting the sensitivity, equivalent to natural-guide-star adaptive optics for single telescopes. Such phase-referencing facilities are in the making (VLTI: PRIMA, GRAVITY; KI: ASTRA), and have anticipated limiting K-magnitudes of about 15 − 19. These facilities should allow studies of Sgr A*, which is the emission source associated with the MBH (e.g. Genzel et al. 2003) , and of orbits deeper in the gravitational potential of the MBH, which could test general relativity in the strong gravity regime (Rubilar & Eckart 2001; Weinberg et al. 2005) . It, therefore, appears to be timely to characterize the primary candidate of phasereferencing experiments at the GC, GCIRS 7
3 . This M1 supergiant (Blum et al. 1996b ) is the brightest nearinfrared star in the central parsec (K ∼ 7 mag), and is located only 6
′′ away from the MBH. While photometric variability of IRS 7 implies a possible change of its diameter (and visibility) over time (Blum et al. 1996a; Ott et al. 1999) , the average K magnitude suggests an average stellar photospheric diameter of about 1 mas at NIR wavelengths. IRS 7 is therefore expected to be at the very limit of resolution for VLTI and KI, with maximum baseline lengths of 130 m and 85 m, respectively, and should be suitably compact to serve as an OLBI phase-reference source for the GC until regular fringe tracking on fainter stars becomes possible as proposed for the GRAVITY instrument (Gillessen et al. 2006) .
While single-dish observations of IRS 7 show it to be pointlike at NIR wavelengths, similar observations in the MIR wavelengths regime reveal that a small fraction of the light is from an extended dust distribution. Specifically, Schödel et al. (2007b) detect in an 8.6 µm-image a tail-like structure directed away from the center of the galaxy (see Fig. 1 in Pott et al. 2008 ). This raises the concern that hotter dust may contribute substantially to the source size at 2 µm. Furthermore, such features are interesting in their own right, as they suggest an ongoing interaction of the circumstellar dust with impinging external stellar winds from other stars, probably from the IRS 16 region of blue, hot, and windy stars (Najarro et al. 1997) .
Probing the MIR source size as a function of wavelength over the N-band also probes the location of the dust giving rise to the high line-of-sight extinction in that band, dominated by the silicate absorption, as was done for GCIRS 3 (Pott et al. 2008) . In that article, we presented first observational evidence, based on the exceptional angular resolution of an optical interferometer, for an unusual dust chemistry and silicate overabundance in the interstellar dust around GCIRS 3, located (projected) 200 mpc away of the MBH only, and the here presented MIDI experiment was designed to extend this evidence by observing another star in that region.
In this article, we report on our recent effort to confirm experimentally the compactness and symmetry of IRS 7 at K-band wavelengths and at OLBI baselines as a necessary preparation for future OLBI imaging and astrometric observations of the GC. In addition, first MIR-fringes on IRS 7, taken with the VLTI-MIDI instrument, are presented and discussed. In the following section the observations, and data reduction process are described, including a discussion of the measurement uncertainties. Sect. 3 discusses the merits of the presented data in the ap- 3 In the following we will mostly use the abbreviation IRS 7. (Cutri et al. 2003) e Visibility-and flux calibrator: 
Observations and data reduction
The first successful near infrared fringe detection on IRS 7 was achieved with the VLTI first generation science beam combiner AMBER (Petrov et al. 2007) in March 2006 on the short UT3-UT4 baseline. In June 2006, the high-angular-resolution dataset could be extended by a MIDI UT2-UT3 observation. Each observation was followed by the measurement of a calibrator star of known diameter with negligible uncertainty with respect to the precision of our observations, given in Table 1 , taken from ESO's observations preparation pages 4 , and measured with the identical instrumental setup of the IRS 7 observations, to calibrate for systematic instrumental and atmospheric visibility cor- ruptions. A complete log of all relevant VLTI observations is given in Table 1 .
AMBER -K-band spectro-interferometry
Since IRS 7 is close to the sensitivity limit of AMBER, we chose the low spectral resolution mode (R ∼ 30) and a detector integration time (DIT) of 0.1 s for all observations. Being longer than the 25 ms standard, this DIT increases the flux per frame, and is still short enough with respect to the atmospheric coherence time (Table 1) to detect the fringe pattern, however at decreased precision due to the increased fringe blur due to atmospheric turbulence over one DIT. The AMBER data were reduced with the Amdlib package originally provided by the instrument consortium 5 . Details of the reduction process applied to similar data were recently discussed (see Kraus et al. 2008 , and references therein). Deviating from the aforementioned article, we relaxed the frame-selection criteria by accepting flux ratios between the telescopes up to 10 instead of an often chosen ratio of about 4 to increase the number of acceptable frames to a statistically relevant number, on cost of the average precision of the individual fringe measurement.
A total of 62 frames, out of all 2400 frames taken, targeting IRS 7, passed the selection criteria. This exceptionally low observing efficiency of a success rate of about 3% derives in part from an imperfect delay-line model, the interferometric equivalent of a pointing model, at the time of the observation which prohibited repeated fringe measurements at longer baselines than UT3-UT4 at all. The now implemented, significantly improved model minimizes the number of fringe losses due to earth rotation and target motion over the night sky, and will increase the success rate of future experiments. Furthermore, vibrations of the UT's reduce the fringe contrast (Bonnet et al. 2006) . The presented observations suffer from these conditions in particular due to the short coherence length of the low-spectral-resolution 5 http://www.mariotti.fr/data processing amber.htm mode, and due to a low SNR due to the intrinsically low source flux and the off-axis AO-guiding.
The appropriate fringe SNR (Tatulli et al. 2007 ) was calculated for each accepted frame. To minimize the influence of possible systematics related to low SNR, we used only the frames from the best 30 percentile for the further analysis in this article, where best means highest SNR. The visibility of these best frames were averaged without applying a weight. Using less frames would lead to too small frame numbers possibly biasing the final average.
The resulting average visibilities of our AMBER data are plotted with error-bars of 0.1 in Fig. 1 . This error resembles the variance in our data, but might underestimate the accuracy due to the relatively small number of accepted frames and systematic errors in the interferometric transfer function. The standard deviation of the final visibility data points around the bestfit uniform-disc model, over-plotted in the same figure, gives similar 10%. This precision is lower than visibility uncertainties of about 3 % obtained with AMBER in other experiments (Petrov et al. 2007) . A lower precision is expected here due to our relaxed frame selection criteria, the low source flux, and the relatively long DIT. Furthermore, the data-point at 2.08 µm showing the lowest visibility of the ensemble might, in addition to the aforementioned sources of error, suffer a signal corruption from an imperfect wavelength-calibration and telluric lines around this wavelength. Its inclusion does not significantly change the fit results presented in Sect. 3.1.
MIDI -N-band spectro-interferometry
Both calibrator and science measurement consist of a standard on-source exposure time of 2.4 min, subdivided into 8000 individual frame exposures of 18 ms, nearly all of which entered the final visibility calculation in contrast to the low frameacceptance rate in the NIR. This different observing efficiency originates in the longer observing wavelength minimizing the impact of linear delay-errors along the optical path (e.g. evoked by vibrating optics) on the phase noise, and in shorter individual exposure times despite of a longer atmospheric coherence time in the MIR. In contrast to turbulence-induced coherence-time constraints in the NIR, the short frame exposure times at 10 µm are set by the high thermal background noise level.
The spectrally dispersed MIDI data (R ∼ 30) were reduced with the publicly available MIA+EWS software package 6 . We applied the error analysis developed in Pott et al. (2008) , where we published similar data. The combination of low source flux due to high interstellar extinction and low atmospheric transmission around 10 µm leads to the lack of reliable visibility and flux data-points in the center of the N-band (Fig. 2) . Additional sources of uncertainties in both the calibrated flux spectrum and dispersed visibility include the off-axis AO guiding (see Table 1 ), a slightly varying performance of one of the two beams during the observations, and the time difference between the correlated and total flux measurement of the used High-sens mode, which was 9 min and 6 min for IRS 7 and the calibrator, respectively. Due to the lack of additional calibrator measurements during that particular night, the spectral shape of the flux density is probably better constrained than the absolute flux calibration (Fig. 2) .
The measured total-flux MIR spectrum was flux-calibrated with the spectrum of the visibility calibrator specified in and is plotted in the upper panel in Fig. 2 . A reddened blackbody was fitted to the flux data. The 1-σ uncertainties in the model parameters from a least-squares-fit are given in the figure. The reduced χ 2 of 0.6 of the fit as well as coinciding integrated flux of both the model and the flux data demonstrate the goodness of the fit. We excluded the data below 50 mJy, and the ones beyond 12.8 µm, to avoid a corruption of the fit by these datapoints. The error of the fluxes below the 50 mJy limit is more than the 20% flux error for data points used in the fit. The flux data-points at the longest wavelengths probably are not reliable and too low, because at those wavelengths the photometry data show a distorted PSF, and significantly different fluxes coming from each of the telescopes. Note that such a photometry bias does not necessarily affect the normalized visibility shown in the lower panel of the figure, as long as the conditions are stable during both the visibility and the photometry measurement.
Discussion
Since at the different wavelengths of our two VLTI datasets different temperatures, radii and presumably different types of emitting matter dominate the observed flux, we split the following discussion according to these wavelength bands.
NIR
Our data suggest that IRS 7 could be resolved (i.e. has a visibility of less than unity) in the K-band at the short VLTI baseline used. We fitted a wavelength-independent diameter of a uniform-disc model to the NIR-data. This model, adequate for the given accuracy and size of the data-set, minimizes the χ 2 -metric (χ 2 red ≈ 0.9) at (2.6 ± 0.4) mas, which is a remarkable result, because such a best-fit diameter is larger than expected. However, the total error including systematics like the variation of the interferometric transfer function and the small number of interferograms can increase the uncertainty on the derived diameter up to the order of ±1.5 mas (AMBER team, private communication). Repeated measurements at a similar setup, seeing, and instrument performance are required to further investigate in detail the systematics of the here used AMBER setup.
To calculate the diameter of the photosphere of an IRS 7-like supergiant of early MI spectral type at the distance to the GC (∼ 7.6 kpc), we assume T eff ≈ 3400 K, and a bolometric correction BC K = 2.7 (Blum et al. 1996b (Blum et al. , 2003 . Recent PSF-fitted VLT photometry and extinction estimations are K = 7.4 and A K = 3.7 for a 2005 dataset of ours. This is about a magnitude fainter than the Blum values based on 1997 data. Since the typical precison for these estimates is about 0.1 mag for photometry and extinction, this discrepancy points to a significant photometric variability, and follows the trend reported by Ott et al. (1999) . Therefore we use our recent photometry measurements here, being relatively close in time to our AMBER measurement. We derive a stellar radius of about (1000 ± 150) R ⊙ or an angular diameter of (1.1 ± 0.2) mas at the GC distance. Recent interferometric studies of α Ori, the nearby red supergiant Betelgeuse of spectral type M1-2Ia-Ibe similar to IRS 7, showed a larger measured radius at NIR (and MIR) wavelengths than the expected stellar photosphere due to a surrounding molecular gas shell of significantly lower temperature (about 2000 K) and a radius of about 1.4 times the radius of the stellar photosphere (Ohnaka 2004; Perrin et al. 2007 ).
The increased ∼1.6 ± 0.2 mas diameter of such an α Orilike, warm molecular gas shell around the photosphere of IRS 7 would still be significantly smaller than the uniform-disc diameter derived here from the AMBER data, but the respective theoretical visibility of (0.96 ± 0.01) lies within the total error of our observation. Without a more precise dataset of repeated AMBER measurements allowing for cross-calibration to minimize this total error of about 1.5 mas we cannot determine the significance of contributions of other (and larger) shells than the photosphere to the NIR flux of IRS 7. However, astrophysics also can be responsible for intrinsically lower than expected visibilities. The visibility drops, if in addition to the flux of a putative circumstellar molecular shell the radiation of more extended warm dust has been resolved out by the interferometer (e.g. observed in the supergiant IRC +10420, Blöcker et al. 1999) . Indeed, a significant flux contribution of cooler, extended dust is seen in the MIDI data discussed below. Furthermore, a change in optical depth due to molecular band-heads between 2.2 and 2.4 µm can contribute to an apparent size increase at these wavelengths.
In terms of phase-referencing several aspects have to be considered. As long as the visibility is high enough the SNR of the correlated flux is high and a stable phase-reference is provided. But here we show data on the shortest VLTI baseline only. The uniform-disc model (2.4 mas diameter) predicts a visibility of 0.45 at the longest UT-baseline (130 m). That means, only half of the correlated flux will be seen at such long baselines reducing the SNR, if the model is applicable. Furthermore, any resolvable asymmetry in the brightness distribution of IRS 7 would lead to non-zero closure-phases and a complex visibility function. This hampers the usage IRS 7 as phase-reference unless the positionangle dependence of this phase is known. Furthermore if indeed warm molecular gas and dust shells make up the NIR-visibility of IRS 7, temporal variations of optical depth and radial size in such shell can result in significant visibility changes and would have to be known if IRS 7 shall be used as visibility calibrator in a dual-field experiment. More observational data similar to the one presented here is needed to answer these questions in detail. But since IRS 7 is by far the brightest star in the NIR, located within the central 5 ′′ , and according to our results compact enough to give a strong interferometric signal on a 50 m baseline, we can confirm it to be the prime candidate for future dual-star phase-referencing experiments in the GC.
MIR
As suggested by previous VLT/VISIR imaging and mentioned in the introduction, IRS 7 is surrounded by significant amounts of warm dust, radiating in the MIR. It is however surprising that our MIDI experiment revealed average N-band visibilities as low as 0.2. Lacking detailed a priori knowledge about the dust morphology of IRS 7, observed at a nominal interferometric angular resolution of about 45 mas, such visibility amplitudes can be interpreted in two related ways focusing on the flux measurement and on the spatial scales probed.
(1) A flat visibility spectrum as in Fig. 2 is created by an unresolved, (circum-)stellar point source radiating 20% of the total flux plus a more extended and smooth brightness distribution the flux of which is completely resolved out by tbe interferometer, and appears only in the total flux spectrum (upper panel in Fig. 2) . Assuming a Gaussian intensity profile for the extended flux with the constraint of contributing less than 10% of its flux to the visibility measurement leads to a FWHM of 36 mas at 10 µm. This interpretation suggests that, apart from the central emission, about 80% of the total flux is (smoothly) radiated from (projected) distances greater than 150 AU from the star.
(2) Another common interpretation aims on estimating an average angular scale-length of the entire flux distribution by fitting a Gaussian profile to the observed visibility measurements. The measured flat visibility spectrum results in a wavelengthdependent FWHM: 24, 30, and 39 mas at 8, 10, and 13 µm, respectively. An increasing diameter towards longer wavelengths is expected for optically thin, thermal sources showing cooler temperatures, which dominate the flux at longer wavelengths, further out.
Summarizing, the MIR-brightness distribution of IRS 7 is clearly dominated by dust emission extended on 30 mas scales and greater. Accordingly, the fitted black-body temperature of only 200 K (Fig. 2) appears to fit the complete N-band emission. This (for close stellar environments) relatively low dust temperature is another confirmation of observing dust relatively far away from the central heat source.
A possible explanation of the origin of this extended dust emission (and of the low visibilities) derives from radio wavelengths. More than 15 years ago Yusef-Zadeh & Morris (1991) spatially resolved in 2 cm VLA maps of 0.4 ′′ angular resolution a bow-shock-like free-free radio emission region around IRS 7. The curved emission morphology shields IRS 7, which lies ∼150 mas North of the apex of the shock front according to the model of Yusef-Zadeh & Melia (1992) , from the heating and ionizing galactic winds emanating from the very center of the Galaxy. It is conceivable that (a part of) the extended MIR emission detected by MIDI is generated in this externally heated environment. The radiative dominance of this emission over the warmer dust closer to the star might point to the outer dust either being optically thick, or overwhelming the inner, slightly hotter dust closer to IRS 7 due to an energetic domination of the external radiation field over heating by IRS 7 itself.
In line with this interpretation is that the position angle of the projected baseline during the time of observation is with PA ≈ 30
• (East-of-North) relatively close to the roughly North-South elongation of the radio bow-shock. This would explain the low amount of correlated MIR-flux. A better uv-coverage is needed to prove this scenario. Estimating the putative apex and radiative properties of a MIR shock front around IRS 7 pointing to the GC will allow us to estimate physical properties complementing the radio data, and to investigate the interstellar conditions only a few arc-seconds away from the MBH.
The calibrated total-flux spectrum from the MIDI photometry of IRS 7 shows a broad interstellar 9.8 µm-silicate absorption feature. The optical depth τ 9.8 µm ≈ 7 in this feature is twice as high as expected for the usually adopted interstellar MIR extinction towards the central parsec, as derived from earlier observations of the GC at much lower angular resolution. This τ 9.8 µm resembles our recent findings towards the nearby IRS 3 (Pott et al. 2008) . This strong τ 9.8 µm -excess cannot solely be attributed to circumstellar dust enshrouding only these two stars for various reasons. The spectral shape of the 9.8 µm-silicate feature fits the typical shape of interstellar silicate dust absorption. The NIR-continuum extinction towards these two stars (Schödel et al. 2007a) does not show a similar excess, and circumstellar silicate dust normally shows the silicate feature in emission. This paradox of normal extinction at NIR and relatively enhanced τ 9.8 µm suggests a relative silicate overabundance over carbonaceous dust grains in the diffuse interstellar environment of the entire central parsec, or at least around IRS 3 and IRS 7. Further support comes from the MIDI spectro-visibilities of IRS 7. The essentially flat curve means that the dust resolved by the interferometer, and located close to the star, does not account for a major fraction of the excess of interstellar silicate absorption, since otherwise the change in optical depth along the silicate feature would be visible as a spectral feature in the visibility spectrum. Here again, 'close to the star' means closer than about 30 mas.
The flat visibility over the N-band thus suggests that the dust responsible for the τ 9.8 µm -excess is located further away from the star, diffusely distributed within the central parsec, and suggests an unusual silicate overabundance in the GC-dust chemistry. That the, usually linear, relation between the optical depth in the silicate feature and the extinction at other wavelengths, known from various studies and locations throughout the galaxy, can break down in regions with particular properties has recently been confirmed for dense interstellar clouds (Chiar et al. 2007 ). In the Galactic center, recent observations report the possibility of an unusual stellar initial mass function (e.g. Klessen et al. 2007; Maness et al. 2007 ), which could affect the GC dust chemistry. Also Cunha et al. (2007) derived from chemical abundance measurements of 10 GC stellar atmospheres within the central 30 pc enhanced [O/Fe] and [Ca/Fe] ratios, and concluded an overabundance of α-elements in the GC, including Si. This could explain an interstellar τ 9.8 µm -excess with respect to the carbondominated NIR-extinction, as suggested by our MIDI data.
Conclusion
We present the first successful NIR fringe measurements with an optical long baseline interferometer of a star in the Galactic center at a nominal angular resolution of 9 mas. The analysis of the 50 m-baseline K-band visibilities of the red supergiant IRS 7 leads to a uniform-disc diameter of 2.6 mas which suggests that all the VLTI-UT baselines up to a length of 130 m resolve the starlight. This size is larger than the expected diameter of the photosphere and suggests the detection of hot circumstellar dust and molecular shells. But more NIR-data at high SNR are needed to confirm this result, and to estimate an accurate diameter of IRS 7. The strong interferometric signal observed shows the feasibility of future interferometric phase-referencing experiment involving IRS 7.
First MIR interferometric data taken on IRS 7 with the VLTI-MIDI instrument proved that most of the flux at 10 µm stems from moderately warm, extended dust, possibly due to shockinteraction with external stellar winds dominating the MIR flux. A de-reddening of the MIDI spectra revealed high silicate absorption in excess of standard GC values, similar to the nearby IRS 3. A local overabundance of interstellar, amorphous silicate throughout the central arc-secs is suggested.
